Objectives: Our primary objective was to determine the incidence of hospital admission and emergency department presentation in Indigenous and non-Indigenous preterm infants aged postdischarge from birth admission to 11 months in Western Australia. Secondary objectives were to assess incidence in the poorest infants from remote areas and to determine the primary causes of hospital usage in preterm infants.
INTRODUCTION
In 2010, it was estimated globally that 15 million babies, 11 .1% of all live births worldwide, were born preterm (<37 weeks gestation). 1 Preterm infants are at a greater risk of experiencing serious health complications than full-term infants. Complications include respiratory infections, anaemia, vision and hearing loss, and developmental delay. 1 Infants with complications from prematurity need many more health and social services than full-term infants and infants without these complications. 2 3 This places a high economic, health and social burden on families and health systems. 4 In 2013, 8.6% of all babies born in Australia were preterm, most with a gestational age of between 32 and 36 completed weeks. 5 These data are similar to other developed countries. However, during 2013, 14% of babies born to Australian Aboriginal and Torres Strait Islander (hereafter referred to as Indigenous) mothers were preterm. 5 This high preterm risk has changed little over the past decade. 6 These data are comparable to Strengths and limitations of this study ▪ To the best of our knowledge, this is the first study to investigate the effect of risk factors on hospital usage and the burden of hospital admissions in Indigenous preterm infants under 12 months of age. ▪ This study uses population-based data for all Western Australian preterm infants born in 2010-2011 and high-quality administrative data sets to determine hospital use for these infants. ▪ The sample size was sufficient to determine the differences in hospital use between Indigenous preterm infants, socioeconomic status and remoteness for preterm infants. ▪ Environmental factors and maternal education were unable to be assessed.
many of the poorest countries in the world where the most recent data indicate that ∼12% of babies are born preterm. 7 Despite the high risks, there has been little focus on understanding hospital usage patterns and what follow-up care is needed for high-risk preterm Aboriginal infants, especially the poorest infants who live in remote areas. This is particularly important because mothers who carry a higher burden of ill health and social dysfunction have a higher risk of delivering a preterm or low birthweight infant. 8 9 These mothers often have more difficulties accessing the health system and adhering to medication regimens. 8 Western Australia (WA) has a large de-identified prospective longitudinal population-based data system involving the probabilistic systematic record linkage of total population administrative health data sets. 10 Data are available for birth cohorts and include information on maternal and infant characteristics, hospital admission and emergency department presentations including length of stay, cause of hospital admission, Indigenous status and socioeconomic status.
Our study was designed to assess differentials in incidence of all-cause hospital admission and emergency department presentation for Indigenous and non-Indigenous preterm infants (born <37 weeks) during their first 12 months of life. Our primary objective was to determine the incidence of hospital admission and emergency department presentation in Indigenous and non-Indigenous infants from time of discharge from birth admission to 11 months (0-11 months). Secondary objectives were to assess incidence in the poorest infants from remote areas and to determine the primary causes of hospital usage in preterm infants.
METHODS

Study setting and database access
All live births occurring at <37 weeks gestational age in WA from 1 January 2010 to 31 December 2011 were included in this study. Prospective population-based linked data from the WA Midwives' Notification System, Hospital Morbidity Data System, Emergency Department Data Collection, Death Registrations, the Index of Relative Socio-Economic Disadvantage (IRSD) 11 and the Accessibility/Remoteness Index of Australia (ARIA) 12 were obtained from the Department of Health of Western Australia (DOHWA).
The Midwives' Notification System includes clinical (infant weight, gestational age, Apgar score, multiple birth, gravidity) and sociodemographic (baby's gender, mother's age, Indigenous status, socioeconomic status, remoteness index) data on all WA live births and stillbirths of more than 20 weeks' gestation or birth weight >400 g which are reported by trained midwives within 48 hours of delivery. The Hospital Morbidity Data System and Emergency Department Data Collection include data on all completed hospital admissions and emergency department presentations to all public hospitals in WA. These data are entered by trained medical records staff following the occasion of service. Death Registrations are linked monthly and include date and cause of death. The Australian Bureau of Statistics (ABS) IRSD divides statistical local areas based on the 2006 Australian national census data into quintiles from most deprived (1) to least deprived (5) . 11 The ARIA was developed by the Department of Health and Aged Care and is maintained by the Australian Institute of Health and Welfare (AIHW). 12 This index classifies geographic location on the basis of isolation and distance from service centres and healthcare facilities. ARIA data are split into five categories from least remote (1; major cities) to most remote (5; remote area communities).
The databases were systematically linked by DOHWA data linkage staff using probabilistic matching and de-identified. The final database included date of hospital admission, date of emergency department presentation, hospital length of stay, maternal ethnicity, maternal age, gravidity, infant age, infant birth weight, gestational age, infant sex, multiple birth and infant health status at birth (Apgar score). ISRD quintile, ARIA level and health region from the Midwives' Notification System were also included.
Inclusion and exclusion criteria
Infants were classified as Indigenous if the mother was recorded in the Midwives' Notification System as an Aboriginal and/or Torres Strait Islander. 13 All other infants were classified as non-Indigenous. To avoid clustering within multiple births, the population was limited to singleton babies.
Definitions
Specific cut points were used to define preterm; 'extremely preterm' (<28 weeks gestation); 'very preterm' (births between 28 and <32 weeks gestation); and 'moderate preterm' (births between 32 and <37 weeks gestation). 1 The small for gestational age index was calculated as small for gestational age 'SGA' (<10th centile for weight); appropriate for gestational age 'AGA' (10-90th centile for weight); large for gestational age 'LGA' (>90th centile). 14 We defined the 'person time at risk' as the number of days between discharge from the birth admission to 11 months of chronological age. This excluded the stay in hospital after birth for both well and unwell babies. Hospital admissions were defined as the number of admissions of infants to a WA hospital ward for care during the period between discharge from the birth admission to 11 months. Between hospital transfers were included as one admission. Emergency department presentations were defined as the number of presentations of infants to a WA hospital emergency department (regardless of whether the child was admitted) during the period between discharge from the birth admission to 11 months. The frequency of emergency department presentations was defined as the count of presentations to any emergency department regardless of whether the child was admitted to hospital. 'Low socioeconomic status' was defined as the two lowest IRSD quintiles (IRSD 1-2). 'Remote residence' was defined as the two most remote ARIA categories (ARIA 4-5).
Primary cause of hospitalisation and emergency department presentations were classified using the International Classification of Disease V.10 (ICD-10) classification system by medical record staff. Each admission only received one diagnostic code. 15 All hospital admissions were classified with a primary cause of hospitalisation but secondary diagnoses or comorbidity data were not available. No data on cause of emergency department presentation were available. Causes of hospitalisation were defined according to the AIHW, 16 and adapted for use with infants. 17 Diseases were categorised as the respiratory system, digestive system, skin and subcutaneous tissue, ear and mastoid process, infectious and parasitic diseases, nutritional diseases, injury and poisoning, perinatal conditions (eg, prematurity, hypoxic-ischaemic encephalopathy), congenital malformations, chromosomal abnormalities and all other conditions.
Sample size and data analysis
Our primary outcome measure was the incidence of hospital admissions between discharge from the birth admission to 11 months of chronological age in Indigenous and non-Indigenous preterm infants from 2010 to 2011.
Incidence of hospital usage was calculated as the number of events (hospital admissions or emergency presentations) between discharge from birth admission to 11 months of chronological age divided by the total days at risk between discharge from the birth admission to 11 months. All incidence rates were expressed as 1000 person days. We also calculated median and IQR (25th-75th centile) estimates.
Analyses were completed using multilevel generalised estimating equation modelling clustering for geographical location. Crude incident rate ratios (IRRs), adjusted IRRs (aIRRs) and 95% CI were calculated using negative binomial regression analysis with an exchangeable correlation structure to assess the association between hospital admissions and emergency presentations for preterm infants and Indigenous status, socioeconomic status and remoteness. 18 19 Potential confounders were included in the models a priori to adjust for the effect of important explanatory variables. We identified factors that are known to be associated with both the exposure and the outcome and were not a causal step in the pathway. We only included variables from the Midwives' Notification System: maternal characteristics (maternal age, gravidity), infant factors (gender of child, birth weight), Indigenous status and socioeconomic status (ISRD). Data analyses were conducted using STATA V.13.1 (StataCorp, USA).
We calculated that our study population of 4211 infants would provide 90% power to detect at least a 10% difference in hospital admission incidence between Indigenous and non-Indigenous infants. We assumed a 5% significance level, a hospital admission incidence of 5.0/1000 person days and that the ratio between Indigenous to non-Indigenous infants would be ∼1:9.
RESULTS
During 2010-2011 in WA there were 62 965 live births; 98.3% (61 254) were singletons and 6.9% (4211) of these infants were preterm. Of these, 2.0% (84/4211) preterm infants died in the first year of life (web appendix A). In total, 13.1% (433/3311) of the preterm infants were classified as Indigenous and 6.5% (3778/ 57 943) were classified as non-Indigenous (table 1). In total, 37.2% (161) of preterm Indigenous infants were classified in the most disadvantaged quintile compared with 3.5% (132) non-Indigenous infants. In total, 38.6% (167) of preterm Indigenous infants lived in the most remote area (ARIA 5) compared with 3.6% (134) of non-Indigenous infants (table 1) .
The median (IQR) length of stay during the birth admission was 75 days (IQR 4-107) for infants with gestational age <28 weeks; 33 days (IQR 21-48) for infants with gestational age 28 to <32 weeks and 5 days (IQR 3-8) for infants with gestational age 32 to <37 weeks. Web appendix A provides further detail of the length of hospital stay in birth hospital.
Overall, there were a total 5284 hospital admissions in 3102 preterm infants and 5657 emergency presentations in 2220 preterm infants during the period between discharge from birth admission to 11 months of chronological age. Of the hospital admissions, 2233 (42.3%) were elective admissions, 3007 (56.9%) were emergency-related admissions and the remaining 44 (0.8%) were unknown. In total, 73.7% (3102) of preterm infants had at least one hospital admission and 52.7% (2220) of infants had at least one emergency department presentation between discharge from birth admission to 11 months (web appendix B).
Indigenous preterm infants had a higher incidence of emergency department presentation (aIRR 1.71, 95% CI 1.44 to 2.02) and hospital admission (aIRR 1.24, 95% CI 1.08 to 1.42) compared with non-Indigenous preterm infants even after adjusting for confounding factors (table 2) . Preterm infants with gestational age under 32 weeks had a greater incidence of hospital admission (5.9/1000 person days) compared with infants with a gestational age 32-37 weeks (3.3/1000 person days; aIRR 1.79, 95% CI 1.67 to 1.93; table 2). There was also an increased incidence of emergency department presentations for infants with a gestational age under 32 weeks (aIRR 1.40, 95% CI 1.27 to 1.54). Length of stay for birth admissions over 28 days was significantly associated with subsequent hospital admissions (aIRR 1.98, 95% CI 1.81 to 2.17) and emergency department presentations (aIRR 1.66, 95% CI 1.48 to 1.86) compared with stays <14 days (web appendix C). There were no marked effects of other sociodemographic characteristics on hospital usage in preterm infants (table 2) .
Preterm infants living in the most disadvantaged areas had an increased incidence of presenting to the emergency department (7.8/1000 person days) compared with the most advantaged (ISRD 5) preterm infants (3.1/1000 person days; aIRR 1.61, 95% CI 1.30 There was an increased incidence of emergency department presentation for the most remote preterm infants (7.8/1000 person days) compared with non-remote preterm infants (3.0/1000 person days; aIRR 1.82, 95% CI 1.49 to 2.22; table 2). There was also some evidence of a dose-response for increased incidence of emergency department presentation with increased levels of remoteness overall (p value for trend<0.001; table 2) and for Indigenous (p value for trend<0.001) and non-Indigenous (p value for trend<0.001) preterm infants (table 3) . Remote area preterm infants had a higher but not significant incidence of hospitalisation (4.1/1000 person days) compared with the least remote preterm infants (3.3/1000 person days; aIRR 1.09, 95% CI 0.92 to 1.29; table 2). There was also some evidence of a dose-response with increased risk of hospital admission with increased levels of remoteness for Indigenous preterm infants (p value for trend=0.043); however, there was no trend for non-Indigenous preterm infants (p value for trend=0.252) and overall (p value for trend=0.058) preterm infants (tables 2 and 3).
Overall, the distribution of causes was similar in Indigenous and non-Indigenous infants (table 4) . Indigenous infants appeared more likely to be hospitalised for respiratory disease (1.6/1000 person days) than non-Indigenous infants (0.5/1000 person days; table 4). Indigenous infants appeared more likely to be hospitalised for infectious and parasitic diseases (0.4/1000 person days) than non-Indigenous infants (0.2/1000 person days; table 4). However, the numbers were too small to perform statistical tests.
COMMENTS
In our WA population-based study, 53% of preterm infants presented to a hospital emergency department and 74% were admitted in the time between discharge from birth admission to 11 months of chronological age. Incidence of hospital admission and emergency department presentation was 1.2-fold to 1.7-fold greater in Indigenous compared with non-Indigenous infants. Preterm infants located in the poorest and most remote areas of WA had significantly greater hospital usage compared with preterm infants living in less poor and urban areas.
In the past 10 years, there have been a number of studies showing that preterm infants are at greater risk of hospital admissions and emergency presentations than term infants. 2 20 Despite this, few have investigated whether preterm infants from vulnerable families have an increased risk of hospital usage compared with the general population. Hispanic and African-American preterm infants have been reported to have a greater risk of hospital admission and emergency presentation compared with white preterm infants. 20 Bar-Zeev et al 21 reported that 60% of Indigenous preterm infants were readmitted to hospital in the Top End of the Northern Territory of Australia in the first year of life compared with only 44% of Indigenous term infants. However, there have been no published reports of the differences in hospital usage between Australian Indigenous and non-Indigenous preterm infants in the past 10 years.
Population-based studies in infants of all gestational ages have shown increased risk of hospital admissions, 22 23 length of stay 23 and emergency presentations 24 in socially disadvantaged infants compared with the least disadvantaged infants. We reported that the most disadvantaged preterm infants had a 60% greater incidence of emergency department presentations compared with infants from the most advantaged areas. Although preterm infants are more likely to be born to families who are socially disadvantaged, 8 we located no other studies that examined how socioeconomic status may influence subsequent hospital use in preterm infants. Preterm infants living in remote areas in our study had a 1.1-fold to 1.8-fold greater risk of presenting to the emergency department and hospital admission compared with the least remote infants. Population-based studies have reported that infants located in remote areas have an increased risk of readmission 22 and emergency department presentation 24 in the first 6 weeks after birth. However, we were unable to locate other studies that examined the effect of geographic location on hospital use in preterm infants.
We also showed that length of stay for the birth admission was significantly associated with subsequent hospital admissions and emergency department presentations. Length of hospital stay can be seen as a proxy for the health status and 'unwellness' of the child during the hospital admission. It has been shown in many studies to have a clear influence on subsequent hospital usage. 25 26 Over the past 10 years, there has been significant Australian Federal Government funding to improve access to urban, rural and remote paediatric services including building hospitals, clinics and Aboriginal Community Controlled Health Services (ACCHS). 27 28 There has also been an increase in staffing levels of all healthcare providers in rural and remote areas and major investments in specialist outreach services and care coordination. In WA, there is free antenatal care and culturally appropriate midwifery and postdischarge care for disadvantaged mothers and infants, home visits within 72 hours of discharge, 29 regular medical and developmental follow-up of all preterm infants, 30 and universal and targeted surveillance and screening programmes. 29 31 It is highly likely that these initiatives have improved health status and subsequent morbidity and mortality risks. However, our study shows that important inequities remain in service use in remote areas, in poor families and in Indigenous families.
The most common causes of hospitalisation were respiratory, and infectious and parasitic diseases in Indigenous and non-Indigenous preterm infants. Respiratory disease has previously been cited as the most common cause for hospital admissions for Indigenous infants up to 12 months in the Northern Territory 21 and WA. 24 For all preterm infants under 12 months of age, respiratory and infectious conditions have repeatedly been shown to be the main cause of admission. 26 32 Many of these conditions are preventable by improving coverage of routine childhood vaccines such as pneumococcal and rotavirus vaccines and also through improving housing and education levels in families. Cause of emergency presentations was not assessed in this study due to no data being available; however, existing evidence suggests that many emergency presentations may also be the result of potentially avoidable conditions. 17 33 Our data indicate that more can be done to improve health services and reduce hospital use in preterm infants in WA. We are also aware that the underlying socioeconomic determinants of health such as education and employment are also important determinants of health service use and many improvements are needed in these areas.
Our study had some limitations. Our study was observational and could only report associations and did not provide proof of causality. Indigenous status can be missing or misclassified, which may result in an underestimation of risk. 34 35 Despite this, our results show a highly significant effect of Indigenous status on hospital usage and it is unlikely that any misclassification would have biased the results. Where available, we adjusted for all potential confounding factors. However, we were unable to adjust for measures of maternal illness or education or any underlying social conditions (eg, housing and infrastructure) that may have played a role in hospital usage, particularly preventable causes of hospital use. 36 Within Australia, socioeconomic data are primarily based on AIHW IRSD quintiles which can cause misclassification when applied at an individual level. 11 However, we did show strong associations between hospital usage and socioeconomic status and any differential misclassification would have biased towards the null. Small sample size for Indigenous preterm infants in some of the subanalyses could have resulted in a type II error as a result of reduced power to detect true differences. We did not have the mode of separation variable in our data; therefore, we are unable to determine whether a baby was discharged home or transferred to another hospital following the length of stay at the birth hospital. However, our length of stay data are similar to previously reported data from New South Wales (Australia) which were published earlier in 2016 (median length of stay for infants <28 weeks gestation 87 (IQR 31) and median length of stay for infants 28-23 weeks gestation 47 (IQR 23)). 26 There are strengths related to the data collections we used. The cause-specific hospitalisation data were limited to primary cause of hospitalisation. These data are considered to be highly accurate, 10 37 because the Hospital Morbidity Data System uses the WHO ICD-10 coding system 15 and highly trained coders. The Midwives' Notification System uses clear definitions that are based on Australian standard definitions 5 and is reported to have a very high level of completion and clinical certainty. 38 39 Our emergency department presentations were also recorded in a clearly defined patient administration system Emergency Department Information System (EDIS). 40 41 This system is considered by emergency department staff to be highly reliable though formal documentation of its accuracy is not available. In contrast, the accuracy of cause-specific emergency department data has been questioned, 33 which is why we did not include cause-specific emergency department data in this study. Finally, we controlled for confounding effects of multiple births by restricting the analysis to singleton births.
Our study has implications for policy and programme development. Despite investments in maternal and child health services, we reported that preterm infants had high hospital usage rates and that important risk groups were infants living in disadvantaged areas, remote area infants and Indigenous infants. Our data highlight the need for improved postdischarge care of preterm infants, particularly in remote regions and for poor, Indigenous infants. This includes preventive programmes focused on improving skills of families and service providers in caring for small infants and care coordination programmes. The WA government has provided recent funding to improve postdischarge care and care coordination for Indigenous children across WA. These interventions have the potential to improve hospital usage and long-term health outcomes of these vulnerable infants and reduce long-term burden on families. We will continue to monitor impacts and report trends in subsequent papers.
